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 Stabilization ponds system was able to treat landﬁll leachate.
 Phytoplankton community had low diversity and predominance of Chlamydomonas genus.
 Nitrogen transformation and removal occurred mainly by dead/inert biomass settle.a r t i c l e i n f o
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The treatment performance and nitrogen mass balance of a pilot-scale landﬁll leachate treatment system
was evaluated. The system was comprised of a series of three ponds and a rock ﬁlter and was fed a
continuous ﬂow (200 L d1) during 111 weeks. Three different operational conditions were investigated:
conventional operation (stage I), aeration (stage II) and aeration/recirculation (stage III). The system was
able to treat landﬁll leachate with soluble chemical oxygen demand and ammonia removal between
35–82% and 75–99%, respectively, and the highest removal occurred during the recirculation stage. The
nitrogen balance was calculated using total nitrogen applied load and the main transformation processes
within the ponds. The main form of nitrogen transformation/removal was by dead/inert algae settle
(64–79%), followed by volatilization (12–27%) and algae assimilation (1–6%). Nitriﬁcation/denitriﬁcation
occurred in only stage II. Analyses of the phytoplankton community showed that the Chlamydomonas
genera were dominant in the photosynthetic ponds.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Landﬁll leachate is a hazardous substance produced by rainwa-
ter percolation and waste decomposition in landﬁlls (Vilar et al.,
2011). It contains large amounts of recalcitrant organic compounds
(Thörneby et al., 2006) and has high nitrogen concentrations. The
nitrogen present in landﬁll leachate is found mainly as organic
nitrogen and ammonia (Guo et al., 2010), and ammonia is known
to cause eutrophication, depletion of surface water dissolved oxy-
gen (DO), toxicity to aquatic life, as well as public health concerns.
Consequently, landﬁll leachate is extremely toxic and has a high
environmental impact since it reaches both groundwater and
surface water. Currently, the most common and cost-effective
leachate treatment method is on-site pretreatment of activated
sludge (Wiszniowski et al., 2006). New conﬁgurations in treatment
systems have been studied in lab and pilot scale, such as modiﬁed
sequencing batch reactors (Wang et al., 2013) or hybrid systems
(Speer et al., 2012) for treatment of landﬁll leachate. However,stabilization ponds, a simpler efﬂuent treatment method, have also
shown promise as another form of landﬁll leachate treatment
(Frascari et al., 2004; Thörneby et al., 2006; Renou et al., 2008;
Mehmood et al., 2009; Leite et al., 2011). Studies of nitrogenous
compound removal in stabilization ponds have employed three
main processes: volatilization of the non-ionized ammonia (NH3)
under favorable temperature and pH conditions; assimilation and
incorporation of algae biomass; and biological nitriﬁcation/denitri-
ﬁcation (Sawaittayothin and Polprasert, 2007; Babu et al., 2011).
Some doubts about the main mechanisms behind these nitrogen
removal processes still persist, however. Ammonia volatilization
may be the primary process of nitrogen removal (Maynard et al.,
1999). On the other hand, part of ammonia removal may be due
to algae assimilation during the growth and deposition of organic
nitrogen in ponds (Ferrara and Avci, 1982; Mehmood et al.,
2009). Additionally, many authors have described the importance
of nitriﬁcation/denitriﬁcation for different types of efﬂuent, partic-
ularly in ponds systems (Aguirre et al., 2004; Valero and Mara,
2007; Picot et al., 2009). Finally, although studies are conclusive
about the effectiveness of ponds systems for treating sanitary
efﬂuents, few studies have been conducted in stabilizations ponds
Table 1
Physical and operational characteristics of the treatment system.
Characteristics P1 P2 P3 RF
Length (m) – 4.36 4.36 3.00
Width (m) – 2.40 2.40 0.50
Diameter (m) 1.85 – – –
Depth (m) 1.85 0.80 0.60 0.50
3
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lack of current publications (Parkes et al., 2007; Renou et al.,
2008; Zhao et al., 2012).
Thus, the objective of this study was to evaluate landﬁll leach-
ate treatment in a pilot-scale ponds system by focusing on the
main nitrogen removal transformations in two photosynthetic
ponds of this system.Volume (m ) 5.00 8.37 6.25 0.75
Flow rate (L day1) St I and II
St III-50%*
St III-100%*
200
300
400
200
300
400
200
300
400
200
200
200
* Percent of recirculation (P3–P1). St = stage.2. Methods
The experiment was conducted using a pilot-scale treatment
system of stabilization ponds for landﬁll leachate treatment. The
system was located at the Federal University of Santa Catarina in
the city of Florianópolis, and the raw leachate was collected from
the Tijuquinhas landﬁll of Biguaçú. Both Florianópolis and Biguaçú
are located in Santa Catarina, south Brazil (2721047 170 0 S and
4838015 520 0 W, respectively).2.1. Leachate origin
The leachate used in this research was obtained from a landﬁll
that has operated since 1990. The landﬁll receives domestic and
hospital waste from 22 municipalities, totaling an average of
800–1000 T day1. The leachate was transported to the laboratory
in a tank-truck where it was then transferred to an equalization
tank with a volume of 1 m3. From there, it was pumped into the
treatment system with a ﬂow of 200 L day1.2.2. Pilot-scale treatment system
The pilot-scale stabilization ponds system was comprised of an
anaerobic pond (P1), a facultative pond (P2), a maturation pond
(P3), and a rock ﬁlter (RF) in series (Fig. 1). The main physical
and operational conditions (ﬂow and hydraulic retention time;
HRT) of the treatment system are presented in Table 1. P1 was
cylindrical while P2 and P3 were rectangular. Acrylic plates were
installed in the inlets and outlets of P2 and P3 to guarantee ﬂow
direction and to avoid short-circuiting in the ponds. The rock ﬁlter
was ﬁlled with gravel stones (commercial no. 4:38–76 mm diame-
ter) for polishing the efﬂuent which was applied to the ﬁlter at a
hydraulic ﬂow rate of 0.25 m3 m3 d1.Fig. 1. Schematic of the2.3. Operation
The treatment system performed under three operational con-
ditions of three stages for a total duration of 111 weeks.
2.3.1. Stage I – Conventional operation
The ponds system operated under normal conditions, without
aeration and without recirculation, with ponds subject to loads
and/or environmental (daily and seasonality) variations. This peri-
od was 42 weeks long.
2.3.2. Stage II – Aeration
The treatment system functioned as in stage I but with the use
of aeration in P2. Two ceramic diffusers, located at the pond bot-
tom at a distance 1/3–2/3 from the efﬂuent inlet, were installed
to provide air. These aerators were fed by an air compressor with
an aspiration capacity of 77.5 L min1. In this stage, three different
lengths of aeration were tested:
(a) Stage II – 12 h of aeration: P2 received nocturnal aeration for
12 h (9:00 pm–9:00 am). This period was 13 weeks long.
(b) Stage II – 18 h of aeration: P2 received aeration for 18 h
(3:00 pm–9:00 am). This period was 15 weeks long.
(c) Stage II – 24 h of aeration: P2 received aeration for 24 h. This
period was 11 weeks long.
2.3.3. Stage III – Recirculation
P2 remained aerated for 24 h each day, and the P3 outlet efﬂu-
ent was recirculated to P1 by a metering pump. Two conditions of
recirculation were studied:treatment system.
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to P1 at 50% of the total supply ﬂow (100 L day1). This
period was 13 weeks long.
(b) Stage III – 100%: The treated efﬂuent from P3 was recirculat-
ed to P1 at 100% of the total supply ﬂow (200 L day1). This
period was 17 weeks long.
2.4. Monitoring of the treatment system
The treatment system was monitored weekly, and samples
were taken at a depth of 0.1. Dissolved oxygen (DO mg L1), tem-
perature (C), and pH were analyzed in situ using a multiparameter
probe (YSI 6600 V2). Soluble chemical oxygen demand (SCOD), sol-
uble biochemical oxygen demand (SBOD), total suspended solids
(TSS), ammonia (NH4–N), total Kjedahl nitrogen (TKN), nitrite
(NO2–N), nitrate (NO3–N), and chlorophyll a were measured
according to APHA, AWWA, WEF (2005). Phytoplankton identiﬁca-
tion was conducted in samples collected from different depths (0.1,
0.4, and 0.7 m from P2; 0.1 and 0.3 m from P3) using classiﬁcation
keys (Bellinger and Sigee, 2011) to the genera level. Zooplankton
identiﬁcation was performed according to Sleigh (1989). The anal-
yses were performed using an optical binocular microscope (Olym-
pus BX-41) and an inverted microscope (Bioval XDS-1) with fresh
samples and/or samples preserved and refrigerated in acetic lugol
solution (1:100). The statistics model for analysis of variance (AN-
OVA) was performed to determine the effects of various factors on
treatments. Tukey simultaneous tests for multiple comparisons of
media values were conducted to determine the statistical differ-
ences between raw and rock ﬁlter (RF) samples in all treatments
conditions. A 95% conﬁdence level was applied for all analysis.
2.5. Nitrogen balance
The balance of the nitrogen forms present in the photosynthetic
ponds (P2 and P3) was calculated based on the applied loads of to-
tal Nitrogen (kg TN ha1 day1) in each pond and its outlets. Four
main processes of transformation/removal were considered: algae
assimilation of nitrogen, ammonia volatilization, nitriﬁcation/deni-
triﬁcation, and dead/inert biomass settle (Craggs, 2005; Picot et al.,
2009). The methodologies for each measurement are described
below.
2.5.1. Algae assimilation of nitrogen
The algae assimilation of nitrogen was calculated by ﬁrst deter-
mining the algae biomass dry weight (ADW). Chlorophyll a consti-
tutes about 1% of ADW (Reynolds, 1984), and the nitrogen
incorporated by algae biomass corresponds to about 10% of phyto-
plankton dry weight (APHA, AWWA, WEF, 2005).
2.5.2. Ammonia volatilization
A ﬂow chamber made of transparent acrylic was used to deter-
mine the ammonium volatilization in P2 and P3 (Valero and Mara,
2007). The ﬂow chamber was placed on the surface of the ponds
and connected to a gas gage with a maximum ﬂow of 0.6 L min1,
and the concentration of gaseous ammonia was determined using
infrared and electrochemical sensors (Dräger X-am 700). The ﬂow
chamber was built according to USEPA (1986), and the volatized
ammonia in the ponds was measured every 30 s. The ammonia vol-
atilization rate was calculated using Equation (1) which assumes
that the ammonia concentration in the air above the pond (inside
the ﬂow chamber) is the ammonia volatilized from the liquid
medium.
kNH3 ¼
Kl½NH3V
A
ð1Þ
wherekNH3: Ammonia volatilization rate (g NH3 ha1 d1);
K1: Mass transference coefﬁcient on liquid phase (d1);
½NH3: Free ammonia concentration measured by the Dräger X-
am 700 (g NH3 m3);
V: Pond volume (m3);
A: Pond surface area (ha).
The mass transference coefﬁcient Kl was calculated using the
Equation (2) according to Stratton (Zimmo et al., 2003):
Kl ¼ 0:0566d exp½0:13ðT  20Þ ð2Þ
where
d: Depth of the water column in the pond (m);
T: Air temperature (C).
2.5.3. Nitriﬁcation/denitriﬁcation
Nitriﬁcation/denitriﬁcation was determined using the presence
of NO2–N and NO3–N in samples collected from the inlets and out-
lets of each pond. NOx–N represents the sum of NO2–N and NO3–N
loads (kg ha1 d1) present in the inﬂuent and efﬂuent of the
ponds.
2.5.4. Settle of dead/inert biomass
The nitrogen removed by dead/inert biomass settle was deter-
mined by calculating the difference between all nitrogen inlet
fractions (NH4–N, organic N, and NOx–N) and all outlet fractions
(NH4–N, organic N, NOx–N, algae assimilation, and ammonia
volatilization).3. Results and discussion
3.1. Treatment system
The average temperature in all stages of the study stayed be-
tween 15 and 28 C. The highest temperatures registered at above
30 C during Stage II-24 h which coincided with summer. The pH
was high, ranging from 8.9 to 10.2, and the dissolved oxygen
(DO) in the photosynthetic ponds ranged from 1.1 to 4.1 mg L1
in P2 and from 1.0 to 3.6 mg L1 in P3. The highest DO values were
obtained near the ponds’ surface where there was the highest inci-
dence of algae.
Variations in operational conditions could be observed during
stage III to ﬂow rate (200–300–400 L day1, Table 1) and HRT
(e.g., P1: 25–17–13 days, Table 2). Treatment system performance
was evaluated using SCOD and NH4–N concentrations measured
over the study period (Table 2 and Figs. 2 and 3). The expected ef-
fect of raw dilution, in P1, was not observed during the recircula-
tion stage and the raw inﬂuent showed an increase of measured
parameter concentration (Table 2). The rainfall for the whole per-
iod interfered directly in the inﬂuent concentration, which was
more concentrated in the period of low rainfall (Stages I and III –
154 mm and Stage II – 209 mm).
The SCOD concentrations of the raw leachate ranged from 4020
to 1230 mg L1 and were close to TCOD concentrations which ran-
ged from 1479 to 4300 mg L1. The system showed an efﬂuent
with SCOD concentrations which ranged from 300 to 2500 mg L1
(35–82%). The best performance was observed during Stage III
(recirculation) which had a SCOD removal of 80%. These values
match ones previously reported for different ponds systems being
used to treat landﬁll leachate which had COD removals between
40% and 97% (Renou et al., 2008). In the present study, the BOD/
COD ratio decreased from 0.38 to 0.28, reﬂecting a decrease in
the biodegradability of the leachate which was classiﬁed as old
(23 years). Efﬂuents of this nature have recalcitrant compounds
Table 2
Operational conditions, treatment performance and nitrogen balance of the treatment system.
Treatment unit Operational conditions Parameters (mg L1) Nitrogen balance (kg N ha1 d1)
HRT (days) SCOD N–NH4+ Assimilated N Volatilized NH3 Settlebiomass NOx–N
St I (n = 42)
Raw – 2474 ± 785a 1043 ± 164a – – – –
P1 25 2027 ± 552 938 ± 89 – – – –
P2 42 1175 ± 654 257 ± 107 2.69 37.83 119.87 0
P3 31 1139 ± 522 171 ± 77 1.75 4.45 16.13 0
RF 4 1217 ± 633b 213 ± 91b – – – –
St II 12 h (n = 13)
Raw – 1779 ± 367a 1275 ± 395a – – – –
P1 25 1556 ± 287 1126 ± 320 – – – –
P2 42 1060 ± 182 708 ± 231 0.03 0.97 22.60 0
P3 31 914 ± 229 393 ± 39 1.37 15.27 38.80 0
RF 4 861 ± 273b 393 ± 58b – – – –
St II 18 h (n = 15)
Raw – 1335 ± 166a 805 ± 70a – – – –
P1 25 1370 ± 224 742 ± 88 – – – –
P2 42 777 ± 269 283 ± 162 3.36 1.92 202.20 0
P3 31 820 ± 256 146 ± 106 1.50 0.53 31.63 0
RF 4 827 ± 195b 227 ± 168b – – – –
St II 24 h (n = 11)
Raw – 1670 ± 233a 978 ± 121a – – – –
P1 25 1524 ± 224 963 ± 65 – – – –
P2 42 658 ± 225 183 ± 26 0.03 23.91 163.46 9.98
P3 31 511 ± 107 35 ± 18 2.61 6.68 21.41 0.32
RF 4 509 ± 161b 15 ± 8b – – – –
St III 50% (n = 13)
Raw – 2067 ± 306a 1404 ± 322a – – – –
P1 17 1392 ± 170 833 ± 235 – – – –
P2 28 613 ± 140 208 ± 122 0.07 13.83 104.33 11.61
P3 21 543 ± 82 73 ± 39 0.98 29.78 20.65 8.54
RF 4 455 ± 83b 27 ± 20b – – – –
St III 100% (n = 17)
Raw – 1871 ± 329a 1510 ± 91a – – – –
P1 13 1357 ± 367 742 ± 257 – – – –
P2 21 909 ± 307 332 ± 120 0.03 47.70 58.80 0.76
P3 16 847 ± 259 166 ± 101 3.77 22.95 33.42 1.40
RF 4 344 ± 6b 8 ± 1b – – – –
⁄ Values followed by different letters differ at the 5% signiﬁcance level by the Tukey test.
Fig. 2. Behaviors of inﬂuent (RE) and efﬂuent (EP3; RF) SCOD over time for each study stage. (d) RE, (N) EP3, (h) RF.
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ity (Thörneby et al., 2006; Olivero-Verbel et al., 2008).
The 10 year averages observed in a ponds system for landﬁll
leachate for COD and BOD removal were 40% and 64%, respectively
(Frascari et al., 2004). The COD removal efﬁciencies were charac-
terized by signiﬁcant yearly ﬂuctuations. Additionally, they exhib-ited a decreasing trend which can be attributed to the decrease in
leachate biodegradability due to the biodegradation processes
occurring in the landﬁll.
The total suspended solids (TSS) in the inﬂuent ranged from 400
to 2500 mg TSS L1, and TSS removal ranged from 30% to 91%. Con-
sequently, TSS in the ﬁnal efﬂuent ranged between 75 and
Fig. 3. Behavior of inﬂuent (RE) and efﬂuent (EP3; RF) NH4–N over time for each study stage. (d) RE, (N) EP3, (h) RF.
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removal of these solids (43%), resulting in efﬂuent turbidity values
of about 50 TU.
The average TKN concentrations of the raw leachate ranged
from 1000 to 2100 mg L1. The average NH4–N concentrations ran-
ged from 689 to 1822 mg L1 which supports the thought that
ammonium is the primary cause of acute toxicity from municipal
landﬁll leachate (Kim et al., 2006). Efﬂuents with these character-
istics require special attention because, if disposed into water-
courses without ﬁrst being treated, they may result in
deleterious effects for the natural environment and for public
health. For these variables, the best treatment system performance
occurred during Stage III (recirculation) which had an ammonium
removal efﬁciency of about 99% and a ﬁnal efﬂuent concentration
of 8 mg NH4–N L1. Results obtained from different ponds systems
also treating landﬁll leachate have reported removal efﬁciencies
between 77% and 80% for both ammonia and TKN (Frascari et al.,
2004; Renou et al., 2008).
The statistics model ANOVA showed results signiﬁcant differ-
ences between the samples from the inﬂuent and efﬂuent at a sig-
niﬁcance level of 0.05 (5%). The Tukey test presented signiﬁcant
differences for inﬂuent and efﬂuent concentrations, in all moni-
tored stages, to the major parameters evaluated (Table 2).3.2. Nitrogen balance
3.2.1. Algae assimilation of nitrogen
The calculated algae assimilation of nitrogen for P2 and P3 are
shown in Table 2. In Stage I, algae assimilation was 2.69 and
1.75 kg N ha1 d1 with chlorophyll a concentrations of 471 and
407 lg L1 for P2 and P3, respectively. It was observed a stratiﬁed
layer in the P2 and P3, with higher values to chlorophyll a
(>400 lg L1) on the surface strata, along with a tendency for the
homogenization of intermediate and deep strata on all samples
with chlorophyll a average values of 150 lg L1.
In both ponds, intense algae blooming of the phytoplankton
species Chlamydomonas occurred by the end of the afternoon.
These algae blooms are more common in the warmer season (sum-
mer) when the temperature of liquid mediums is higher (Lee,
1999). Additionally, this kind of microalgae is very tolerant of
ammonium nitrogen leachate toxicity.
Signiﬁcant amounts of ammonia-N, ortho-P, and COD in landﬁll
leachate treatment can be removed by two microalgae, Chlorella
pyrenoidosa and Chlamydomonas snowiae, both of which have posi-tive correlations with algal growth and nutrient consumption (Lin
et al., 2007). A monoculture of Chlamydomonas also developed in a
landﬁll leachate sanitation system that used a series of shallow
waste stabilization ponds (Leite et al., 2011). Among other selec-
tive adaptations, the motility of Chlamydomonas gives them an
adaptive advantage because it enables their movement, according
to light and nutrient conditions, throughout the water column
(Witman, 2009).
During Stage II-12 h, algae assimilation was 0.03 kg N ha1 d1.
This was a result of the aeration turning over the sludge deposited
at the bottom of P2 which caused a signiﬁcant reduction in algae
concentration in this pond (6 lg L1) as well as the appearance
of a diversity bacterial community and free-swimming ciliated
organisms. During Stage II-18 h, still with P2 as a facultative
aerated pond, chlorophyll a increased (589 lg L1) and algae
assimilation was 3.36 kg N ha1 d1. During Stage II-24 h, P2 was
exclusively aerated which resulted in the loss of its facultative
character, a subsequent decrease in chlorophyll a concentration
to 6 lg L1, reestablishment of the bacterial community in place
of plankton, and in an algae assimilation of 0.03 kg N ha1 d1. This
change persisted during the following stages (III-50% and III-100%).
In P3, this change was not observed, and the algae assimilation rate
ranged from 0.98 to 3.77 kg N ha1 d1.
In the stages II and III, due the aeration and increase of ﬂow rate,
that create sufﬁcient mixing in the particular pond/unit, was not
observed a stratiﬁed layer in the P2 and P3.
3.2.2. Ammonia volatilization
The ammonia volatilization rate for P2 and P3, as calculated by
Equation (1), is shown in Table 2. Ammonia volatilization is one of
the main nitrogen removal processes in stabilization ponds when
pH values are above 9.0. However, even if optimal conditions do
not occur, the prolonged hydraulic retention time (HRT) may still
promote volatilization (Valero and Mara, 2007).
In the present study, free ammonia volatilization occurred
when the pH was between 9.0 and 10.0 and at an average temper-
ature of 20.9 C for both ponds. In general, the average volatiliza-
tion in P2 (HRT of 42 days) was higher than that in P3 (HRT of
31 days) which conﬁrms the importance of HRT for volatilization.
3.2.3. Nitriﬁcation/denitriﬁcation
The results for nitriﬁcation/denitriﬁcation for P2 and P3 are
shown in Table 2. NOx–N in these ponds was present only starting
from Stage II-24 h. Nitrite was found in almost all samples, but
Fig. 4. Nitrogen balance in P2 for all stages.
Fig. 5. Nitrogen balance in P3 for all stages.
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sulted in accumulation of nitrite in the medium. Nitrite accumula-
tion during ammonia oxidation is directly related to pH and
temperature since these variables directly inﬂuence free ammonia
concentrations. That, in turn, interferes directly with bacterial
activity. These ﬁndings afﬁrm the importance of pH for the bacte-
rial activity of ammonia oxidizing bacteria, the maintenance of free
ammonia (NH3) at favorable levels for nitrite accumulation, and
the prevention of nitrite to nitrate oxidation (Ganigué et al.,
2007). Bacteria that oxidize ammonia to nitrite are inhibited by
free ammonia concentrations above 10 mg NH3 L1 with complete
inhibition occurring at 150 mg NH3 L1 (Henze et al., 2001). The
range of free ammonia required to inhibit bacteria that oxidize ni-
trite to nitrate is more narrow with a free ammonia concentration
ranging from 0.1 mg NH3 L1 to initiate inhibition to 1.0 mg NH3 -
L1 for complete inhibition. In the present study, the calculated
free ammonia in P2 revealed concentrations ranging between
150 and 200 mg NH3 L1. This indicated that free ammonia con-
centration as well as pH (9.0–10.0) were instrumental for the par-
tial nitriﬁcation and nitrite accumulation that occurred.
The nitrogen fractions obtained at the inlets (NH4–N, organic N,
and NOx–N) and outlets (NH4–N, organic N, NOx–N, algae assimila-
tion, ammonia volatilization, and dead/inert biomass settle) of P2
and P3 are summarized in Figs. 4 and 5 for all stages of study.
The present study showed that the dead/inert biomass settle was
the main method of nitrogen removal (P2: 79%; P3: 64%). DuringStage I, samples of settled sludge from the bottoms of P2 and P3
were also collected to characterize its composition. The average
TKN and NH4–N concentrations for these samples were 1,189
and 874 mg L1 in P2 and 553 and 300 mg L1 in P3, respectively.
Settling of organic nitrogen in aquatic systems has previously been
shown to be an effective process for nitrogen removal (Ferrara and
Avci, 1982).
In this study, ammonia volatilization removal reached an aver-
age of 17% (P2) and 27% (P3). Previous studies of a similar system
(four shallow ponds in series) reported an ammonia volatilization
of 28% in the ﬁrst pond which had a HRT of 14.3 days (Leite
et al., 2011). The average algae assimilation was 1% in P2 and 6%
in P3. This differed from a study of landﬁll leachate treatment by
four aerated ponds where ammonia removal by algae assimilation
was 37% (Mehmood et al., 2009). Finally, nitriﬁcation/denitriﬁca-
tion was only observed in Stage II-24 h and was responsible for
5% of the average removal by P2 and 7% by P3.
One point of note is that part of the nitrogen that was previ-
ously removed by settling was instead being removed by volatili-
zation in P2 during Stage II-18 h. Aside from the aeration in this
pond, Stage II-18 h occurred during the warmest period of the year
(October–April) which resulted in an increase in temperature for
the liquid medium. This temperature was associated to pH, which
remained above 9.0 in both ponds, and may have contributed to a
possible change in the nitrogen transformation process in the
ponds. Volatilization requires high temperatures (>20 C) and a
568 C.L. Martins et al. / Bioresource Technology 147 (2013) 562–568pH 6 9.2. Moreover, the proportion of NH3 doubles for every 10 C
temperature increase (Athayde et al., 2000).
4. Conclusion
This study concluded that the stabilization ponds system was
able to treat landﬁll leachate by reducing the efﬂuent concentra-
tions of carbon (SCOD = 35–82%) and nitrogen (NH4–N = 75–99%)
compounds. The phytoplankton community in the photosynthetic
ponds showed little diversity with the predominating algae
belonging to the genus Chlamydomonas. Nitrogen transformation
and removal occurred primarily through dead/inert biomass settle
(P2 = 79%; P3 = 64%), followed by volatilization (P2 = 12%;
P3 = 27%) and algae assimilation (P2 = 1%; P3 = 6%). Nitriﬁcation/
denitriﬁcation occurred only during Stage II-24 h (P2 = 5%;
P3 = 7%).
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